"How much will I recover, doctor?" Some help with an ever-elusive answer All doctors treating patients with stroke are faced with this question: "How much will I recover?" Although recovery of motor function is one of the most studied domains in neurologic rehabilitation, until recently we did not have a clear, objective way to address this very common question. Predictors of motor recovery have been elusive. "Time" is the most common answer, and even this cannot predict in great detail how much a person will recover after stroke. Filling this void was the aim of a recent study by Liuzzi et al. 1 in this issue of Neurology ® .
The lack of objective predictors that can determine how much a person will recover motor function, and perhaps also other domains, has been in part due to a poor understanding of the precise mechanisms associated with recovery after stroke. Following a stroke, a series of changes take place, which lead to an overall heightened level of plasticity that lasts approximately 3-4 weeks. 2 However, plastic changes in peri-infarct areas are reduced due to increased g-aminobutyric acid (GABA)-mediated tonic inhibition, which can be reversed by blocking neuronal extrasynaptic GABA A receptors. 3 Altogether these findings suggest that 1) the efficacy of rehabilitation interventions geared to reduce impairment should be maximal during the early heightened-plasticity period, 4 and 2) if one were to measure GABA A neurotransmission levels early after a stroke, it could be possible to predict how much recovery will take place. Liuzzi et al. 1 addressed the latter question in this issue of Neurology.
The investigators found a neurophysiologic "biomarker" of motor recovery and cortical reorganization in stroke patients. 1 Following 11 patients beginning shortly after their stroke (acute stage) and for 1 year (chronic stage), they assessed the effect of GABAergic neurotransmission in the ipsilesional motor cortex on motor recovery. To accomplish this, they used a double-pulse transcranial magnetic stimulation (TMS) technique to measure short intracortical inhibition (SICI) while patients performed finger movements with the paretic side. They found that the magnitude of GABA A -dependent SICI in the first 3-5 days following stroke was proportional to the amount of hand function that returned after 1 year poststroke (as assessed by grip force and finger tapping). This finding is consistent with animal work linking GABA A to a critical mechanism associated with recovery following stroke. 3 In addition, it points to the intriguing possibility that using pairedpulse TMS to measure GABA A neurotransmission shortly after a stroke might be able to predict the magnitude of hand motor function return at 1 year.
These findings are relevant to the clinical management and rehabilitation of patients with stroke. A clear definition of the plasticity-heightened time window becomes of crucial importance, and perhaps a way to determine this would be to use a similar movement-related TMS paired-pulse paradigm. As a result, pharmacologic drugs such as benzodiazepines, which increase GABA A influence, may be contraindicated in this period. Instead, brain stimulation techniques or medications might be used to facilitate reorganizational recovery. Noninvasive brain stimulation with excitatory TMS, theta burst stimulation, 5 or transcranial direct current stimulation (tDCS) in combination with early, intense skill learning-based physiotherapy 6 as well as brain-machine interface training 7 should improve motor recovery. Larger samples of acute patients are urgently needed to strengthen the external validity of the present findings by Liuzzi et al. For instance, an independent group of patients is required to test the predictability of the TMS measurement they used. Further, the group studied consisted of subcortical stroke patients who can perform simple finger movements within a few days poststroke. Although this is an interesting proof of concept in a specific subtype of stroke patients, future investigations will need to determine whether this potential predictive measure can generalize to other stroke types, different stroke locations, and patients with more severe deficits.
Future research in neurorehabilitation will need to address the role of different interactions between early heightened levels of plasticity, GABA A -mediated inhibition in the ipsilesional motor cortex, and other forms of plasticity (i.e., interhemispheric balance of cortical excitability) on recovery. In addition, it will be important to determine how these different forms of plasticity following stroke affect human motor behavior. For instance, can people learn more in this state of heightened plasticity, or is learning reduced in the paretic hand immediately following stroke? Finally, future research will need to determine to what extent interventions that directly or indirectly modulate GABAergic neurotransmission in humans can enhance motor recovery.
AUTHOR CONTRIBUTIONS
Pablo Celnik: drafting/revising the manuscript, obtaining funding. Niels Birmbaumer: drafting/revising the manuscript, study supervision, obtaining funding.
STUDY FUNDING
No targeted funding reported.
DISCLOSURE
P. Celnik is supported by NIH/National Institute of Child Health and Development grants R01HD053793 and R01HD073147. N. Birbaumer is supported by the Deutsche Forschungsgemeinschaft (DFG-Koselleck grant). Go to Neurology.org for full disclosures.
